S. Holloway
The Donnan Laboratories, University of Liverpool, L69 3BXLiverpool, United Kingdom (Received 26 April 1985) By means of the ion-channeling technique, we have shown the existence of a very low-energy ( -3 meV) excitation for deuterium impurities trapped to vacancies in nickel. The excitation is associated with a change of the D location from near octahedral to near tetrahedral. On the basis of calculations of the D potentials within the effective-medium theory and the quantum treatment of the D motion, we suggest that the observed state can be regarded as an excited standing wave of a particle (D) on a sphere (internal surface around the vacancy).
PACS numbers: 61.80.Mk, 61.70.Bv, 61.70.Tm The interaction of hydrogen isotopes' with defects in bulk metals has been the subject of an increasing number of detailed investigations (for reviews, see Besenbacher, Myers, and Nerskov and Myers et al. ) , and very recently, new insight into the microscopic nature of the hydrogen-metal interaction has been gained from an interplay between experiment and theory.
In the present Letter, we (Fig. 3) , a straight line is obtained, corresponding to an excitation energy of 3.3 meV.
In Fig. 2 we also include the calculated D density for the two low-energy excited states in the potential of Fig. 2(b) (100) channeling axis than the 4-meV state, and thus this state will give a more pronounced flux peak for the (100) Fig. 2 We shall make the further assumption that the excitation energies of the Hamiltonian Hp are large compared to l(i+1)k2/2Mr2. This is well obeyed for small I for the potential in Fig. 2 , where Hp approximately describes a harmonic oscillator situated a distance R from the vacancy, with excitation energies heep -50 meV, whereas t2/2MR2 = 1.85 meV. In this case, we can treat the centrifugal potential using firstorder perturbation theory, and obtain the excitation spectrum which corresponds to the radial ground state, The p state has one mirror plane and the d state two, as indicated in Fig. 2 . " Furthermore, if for R we use the experimentally determined value R =1.4 A, we get excitation energies of 1.1 and 3.2 meV for the l=1 and l = 2 states, and thus the energy of the i = 2 state is in very good agreement with the experimental excitation energy.
We would expect the effects described above for Ni also to be present in other hydrogen-metal systems. In the simple model, the only parameter describing the system is R, which scales approximately with the lattice constant, and which furthermore can be determined experimentally.
For Pd and Pt, '2 for example,~I
